In an era when many water systems worldwide are experiencing water stress regarding water quantity and quality, water reuse has received growing attention as one of the most promising integrated mitigating solutions. Nevertheless, the plethora of technologies and their combinations available, as well as social, economic, and environmental constraints, often make it complex for stakeholders and especially decision makers to elicit relevant information. The scope of the current study is to develop a decision support tool that supports pre-feasibility studies and aims at promoting water reuse and building capacities in the field. The tool developed currently encompasses 37 unit processes combined into 70 benchmark treatment trains. It also contains information on water quality standards and typical wastewater qualities. It estimates the removal performances for 12 parameters and the lifecycle costs including distribution. The tool and all underlying data are open access and under continuous development. The underlying systemic approach of the tool makes it intuitive also for users with limited prior knowledge in the field to identify most adequate solutions based on a multi-criteria assessment. This should help to promote water reuse and spearhead initiates for more detailed feasibility and design commissioning for implementation of water reuse schemes.
Introduction

Water Reuse and Decision Support Tools (DSTs)
Water reuse (also called water reclamation or water recycling) has received growing attention as one of the most promising integrated solutions to mitigate water stress by improving access to good quality water. It can be an alternative to tapping new water sources (e.g., through seawater desalination), as it performs two fundamental functions that appear to be the primary incentives for implementing water reuse schemes. Treated wastewater can be reused as a water resource for beneficial purposes, and wastewater is kept out of receiving environments and, thus, pollution is reduced [1] . The objective of water reuse is the treatment of wastewater to a stage of purity that can directly be used for specific purposes, such as agriculture, industry, urban, domestic, potable reuse, and surface or groundwater recharge. Producing high purity effluents that are suitable for local reuse applications can be achieved by upgrading existing treatment plants or by designing new treatment plants for this purpose. In this way, the effluents comply with quality requirements for the intended reuse. The first step in the selection and design of the most appropriate treatment option is the investigation of techno-economic feasibility of treatment options for a reuse scheme [2] .
reuse. The first step in the selection and design of the most appropriate treatment option is the investigation of techno-economic feasibility of treatment options for a reuse scheme [2] .
The presented research focuses on the pre-feasibility stage and considers potential water reuse schemes in a systemic approach schematically ( Figure 1 ). This allows determining if an identified area with potential for water reuse could lead to a feasible reclamation scheme with the current resources, technologies, and available information. A typical pre-feasibility assessment starts with the identification of potential reclaimable water or wastewater (1) and evaluates if this water could be treated and reused for different purposes (2) . Depending on quality and quantity of available and required water, adequate treatment technologies can be identified and assessed (3) . This can include assessing costs, requirements, and impacts, pollutant removal performance as well as additional technical criteria such as reliability, ease of operation, and maintenance to propose the most promising solutions and support the decision to proceed or abandon reuse options.
There are several decision support tools (DSTs) available for water and wastewater treatment selection and design that have been reviewed by Hamouna et al. [3] (Table 1) . Most DSTs usually address planners and designers with a strong focus on technical aspects, usually dominating the logic of the developed systems reviewed [3] . Hamouna et al. [3] also mention that there is a need for integrated decision support tools that are generic, usable, and that consider a system analysis approach. The present paper aims to address this need for a user friendly and comprehensive interface with solid background calculations. A broad range of stakeholders can then apply the DST to facilitate the implementation of water reuse solutions, by applying a multi-criteria assessment. The DST differs from existing tools by proposing a different scope of application, rather than a comprehensive technical design. The different scope consists of the pre-feasibility, capacity building, and promoting the concept of water reuse. The DST's underlying data and pre-selected information are open access and transparent. A typical pre-feasibility assessment starts with the identification of potential reclaimable water or wastewater (1) and evaluates if this water could be treated and reused for different purposes (2) . Depending on quality and quantity of available and required water, adequate treatment technologies can be identified and assessed (3) . This can include assessing costs, requirements, and impacts, pollutant removal performance as well as additional technical criteria such as reliability, ease of operation, and maintenance to propose the most promising solutions and support the decision to proceed or abandon reuse options.
There are several decision support tools (DSTs) available for water and wastewater treatment selection and design that have been reviewed by Hamouna et al. [3] (Table 1) . Most DSTs usually address planners and designers with a strong focus on technical aspects, usually dominating the logic of the developed systems reviewed [3] . Hamouna et al. [3] also mention that there is a need for integrated decision support tools that are generic, usable, and that consider a system analysis approach. The present paper aims to address this need for a user friendly and comprehensive interface with solid background calculations. A broad range of stakeholders can then apply the DST to facilitate the implementation of water reuse solutions, by applying a multi-criteria assessment. The DST differs from existing tools by proposing a different scope of application, rather than a comprehensive technical design. The different scope consists of the pre-feasibility, capacity building, and promoting the concept of water reuse. The DST's underlying data and pre-selected information are open access and transparent. Industrial wastewater, expert system, simulation, analytical hierarchy process, a tutor provides justification for outcome. Surveyed the system's user-friendliness -Rodriguez-Roda et al. [10] X Simulation, issue-based information systems, reports describe the deliberation over a decision, searching design records using keywords -
SANEX [11] X
Conjunctive elimination, multi-attribute utility technique, multi-disciplinary set of sustainability indicators, multi-level amalgamation used for rating -Wukovits et al. [12] X Knowledge-based system, heuristic search, easy update of process database, possible communication with other programs -
WAWTTAR [13] X
Modeling and simulation, screening, multi-criteria decision analysis, output: least cost alternative, assesses risk, and more, community specific data considered in the decision X WASDA [14] X Technical design, rule-based, design equations, friendly user interface, process design calculation module - 
Objective and Task
The main objective of this study is to develop a DST for pre-feasibility studies to promote water reuse in regions where it is still an emerging concept. The aspiration is that for the every case study, at least one potential for water reuse option with an adequate treatment train that meets the local requirements can be identified. As the number of possible technologies and treatment trains is important and requires expertise, a simplification is needed to offer a clear user interface. In this way, even non-expert users can participate in the assessment and understand the results, while pertinent calculations are being performed in the background. The proposed concept is that the user should only provide data on the quantity and quality of the foreseen input (wastewater to be treated), the foreseen type of reuse, and limited information on the local specificities. Based on this input, the DST should provide options of treatment trains that can meet the local requirements and specificities ( Figure 2 ). As any first application, the DST should be very simple and user-friendly also for non-experts. It should also encompass more advanced application possibilities for experts requiring more detailed analysis. The scope of applying this DST begins with awareness raising and identification of the potential for water reuse. The scope ends before carrying out a detailed feasibility study and design of water reuse schemes. To promote the concept of water reuse and serve training purposes, the DST also includes capacity-building components for users that are not familiar with water reuse technologies. The developed DST composes of several elements in a transparent, widely used spreadsheet software (Microsoft Excel).
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Materials and Methods
Water Reuse Options: Unit Processes and Treatment Trains
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Materials and Methods
Water Reuse Options: Unit Processes and Treatment Trains
To proceed to the intended type of water reuse, a myriad of widespread technology options is available. Usually only experts from the field of wastewater treatment and sanitary engineering can resort upon a wide knowledge and understanding of the whole set of technologies and their combinations. Water reclamation technologies can be classified into primary, secondary, and tertiary treatments, as well as for disinfection. Individual technologies are called unit processes (UP). The 37
Water 2019, 11, 153 6 of 26 selected unit processes in the system are shown in Table 2 (the selection bases on [20, 24] and personal communications with water reuse experts). Often, these unit processes will also be combined commonly referred to as treatment trains (TTs). For each identified case study with a potential for water reuse, plenty of feasible combinations of technologies that can meet the required pollutant removal target at the desired treatment cost might be available. Under the applied concept, a water reuse option has to be composed of a feasible treatment train that fulfills the water quality requirements of the intended uses.
In the implemented DST, the combination of those 37 unit processes can lead to series of maximum 10 unit processes per treatment train. If one considers that every single unit process can be a starting point and that every unit process could be used several times, this statistically leads to about 10 16 possibilities. Chen & Beck [25] have noted that if one compiles all possible treatment trains, as many as 50,000 options should be considered as possible trains to identify promising options. Indeed, most of those possibilities are not relevant, and many can be directly eliminated. However, this shows the complexity of the process to establish the ideal treatment train given the local situation.
As the developed DST addresses a broader range of users and aims at promoting water reuse, the approach chosen in the present DST is to propose a list of the most representative treatment trains. This is based on best-practice examples and case studies from the literature, as well as from expert interviews. Local water reuse schemes from Latin America are also included in the DST, due to the geographical focus of the European project COROADO, that partially funded the current research [26] . At the time of writing, the list is composed of almost 70 treatment trains. With this approach, the user does not need to be an expert in wastewater treatment technologies to proceed with an analysis, as the non-exhaustive list already provides an overview of most common possibilities. The system also provides some features for experts, where it is possible to create up to three user-specific treatment trains and assess the calculated results. A review of benchmarks treatment trains led to a list of treatment trains that are examples from global water reuse and reclamation practices presented in detailed tables provided in Supplementary Materials [27] . This includes a list of all treatment trains with the unit processes and the corresponding reference. All treatment trains are categorized in typical basic treatment schemes categories according to van der Graaf, 2005 [28] (Table 3) . 
7-Local membrane bioreactor (MBR)
Reuse of the water in the direct neighborhood (e.g., as toilet flush water).
Benchmark Technology, USA, Brazil, China, Japan
8-High wastewater quality
The treated water is of so high quality that many applications (industrial, households, etc.) are possible. 
7-Local membrane bioreactor (MBR)
8-High wastewater quality
The treated water is of so high quality that many applications (industrial, households, etc.) are possible.
Benchmark Technology, Belgium, Singapore, Namibia, The Netherlands, United Kingdom, USA I, USA II
The final water can be reused for unrestricted irrigation. Benchmark Technology, Israel, USA
3-Wetlands
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7-Local membrane bioreactor (MBR)
8-High wastewater quality
Benchmark Technology, Belgium, Singapore, Namibia, The Netherlands, United Kingdom, USA I, USA II Treated water can be reused for agricultural applications. Benchmark Technology, USA, Australia
7-Local membrane bioreactor (MBR)
2-Soil aquifer treatment (SAT)
3-Wetlands
Benchmark Technology, Nicaragua, Peru, Brazil, USA, Spain, Mexico, Senegal 
4-Lagooning
7-Local membrane bioreactor (MBR)
8-High wastewater quality
2-Soil aquifer treatment (SAT)
3-Wetlands
4-Lagooning
7-Local membrane bioreactor (MBR)
8-High wastewater quality
The treated water is of so high quality that many applications (industrial, households, etc.) are possible. Water quality can be defined by an almost indefinite number of parameters: the topic is immense and the purpose of many books [29] [30] [31] . The concentration of any substance or constituent potentially present in wastewater could be a parameter to be analyzed, in addition to all physical, chemical, and biological parameters that can be measured. This requires a selection of the most relevant parameters based on the relevance of several parameters, namely, different intended reuse, data availability of removal performance of the different technologies, and the technology's inclusion in most prominent guidelines for quality standards, recommendations by water reuse experts, as well as the ease to measure and monitor the parameters. After several organized workshops with experts in the field of water reuse [32] , 12 key water quality parameters were considered as most appropriate for the identification and initial assessment of the potential of water reuse options, and were integrated in the DST (Table 4 ). Future versions of the tool might address more specific types of contaminants, such as microplastics, organic contaminants, emerging pollutants, or specific pollutants of industrial wastewater (e.g., dyes and bleach from textile industry, fungicides and pesticides from agricultural food processing) The user of the DST can specify the values of each parameter for the reclaimable wastewater and the requirements for the intended reuse independently, but if the user is not a specialist or needs support, descriptive water quality classes have been established for the DST. Supplementary Materials [33] include the quality classes with the corresponding parameters (Table 4) . Please note that some references do not provide limits of constituents for each of the 12 considered parameters. If no value is specified or if no data could be found, a dummy value of "−1" is set in the tables. Three types of water quality classes are considered (Table 5): 1.
Typical wastewater quality that is intended for reuse (e.g., effluent from a waste water treatment plant (WWTP)) 2.
Recommended water quality for and intended use based on international guidelines, such as WHO or ISO [34, 35] . 3.
Additional guidelines and regulations, such as local legislation from different countries, considered for the water quality required for different types of intended reuse, such as EPA guidelines [36] . Table 5 . Overview of most prominent international guidelines and standards for treated WW reuse.
Guidelines with Reference Description
US-EPA, Guidelines for water reuse 2012 [36] This update from the 2004 US-EPA guidelines [37] is an exhaustive reference report considering all types of water reuse.
WHO, Guidelines for the safe use of wastewater, excreta and greywater 2006 [34, [38] [39] [40] [41] In 2006, WHO published four volumes of a third edition of its Guidelines for the safe use of wastewater, excreta, and greywater in agriculture and aquaculture. The revised Guidelines reflect a strong focus on disease prevention and public health principles.
WHO, Guidelines for drinking-water quality: Fourth edition [41] The fourth edition of the World Health Organization's (WHO) Guidelines for drinking-water quality (GDWQ) builds on over 50 years of guidance by WHO on drinking-water quality, which has formed an authoritative basis for the setting of national regulations and standards for water safety in support of public health.
ISO Guidelines for treated wastewater use for irrigation projects 2015 [35] ISO 16075-3:2015 covers the system's components needed for the use of treated wastewater for irrigation.
FAO Water quality for agriculture 1994 [42] The FAO suggests various water quality criteria for general irrigation. The guidelines are practical and have been used successfully in general irrigated agriculture.
Proposal by the Aquarec project, 2006 [30, 43] The Aquarec project proposes seven quality categories for different types of reuses and compiled microbial and chemical limits for each category.
California code of regulation title 22 [44] California Department of Health Services (DHS) establishes water quality standards and treatment reliability criteria for water recycling under Title 22 and establishes requirements for the use of recycled water not addressed by the uniform statewide [43] . These quality standards are often used as reference or used as a model to establish national water standards in other states or countries.
Pollutant Removal Efficiencies
Characteristic removal efficiencies (in %) of each unit process (Table 2) for the considered parameters (Table 4) are presented in Supplementary Materials [45] . For each parameter, the minimum removal, average removal, and maximum removal efficiencies (R i ) for the unit processes are provided. The different used percentages are based on literature [20, 24] and several meetings that have been conducted with experts in the field of water reuse [32] . Equation (1) can then be used for the calculation of the expected effluent concentrations [20, 24] :
where C e f f : effluent concentration (water quality parameter unit, see Table 4 ) C in f : influent concentration (water quality parameter unit, see Table 4 )
These input data are used in the DST to calculate the expected water quality after treatment (under minimum, average, and maximal removal efficiencies). Thereby, a unit process is a simplified concept with characteristic average performance values, as many different types of technologies fit in the same unit process, and each technology will all have different performances depending on each supplier and spatial application.
Cost Estimation
To assess and identify promising options, a typical user initially wants to know if the proposed technology will meet the technical requirements and achieve the required water quality. If the treatment train achieves the water quality, the next piece of information is the costs of treatment and distribution. It is important to include the costs of distribution from the beginning, as these costs are often significantly larger than the treatment costs [46] .
For this purpose, a cost component has been developed and results in quantitative figures for the total cost of treatment in local currency per cubic meter of reclaimed water, as well as the distribution costs expressed in the same unit. The user can select or define several local parameters, such as the local currency, electricity costs, land costs, labor costs, and reclaimed water-selling price. On this basis, the DST will estimate overall specific costs automatically.
As costs are sometimes difficult to estimate for such a wide range of technologies considering local specificities and market prices, the uncertainty of the estimation is evidently high (a similar study estimates reasonable accuracy between −30% and +50% of actual costs [47] ). Nevertheless, the range of calculated values with the DST already provides first figure approximations, allowing for making comparisons between different options at the pre-feasibility stage.
Elaboration of Cost Curves
In Supplementary Materials [45] , the database of the regression coefficients, C and B, for every unit process (Table 2 ) and every cost component (Table 6 ) as a function of the average treated flow rate is presented. The cost components are calculated with Equation (2):
where Q: average flow [m 3 /day] y: any cost component calculated C, B: regression coefficients Table 6 . Cost components included in the DST.
Cost Components Unit Comment
Construction cost 1000 USD 2006 Capital expenditure (CAPEX) calculation and annualization are described in Section 2.4.
Land requirements ha
Default period of 30 years and same calculation for the annualization as of CAPEX is applied. Residual value after 30 years not considered.These values have to be multiplied by corresponding parameters from Table 7 provided in (CUR/ha) to obtain local costs.
Energy requirements kWh/y Both values have to be multiplied by corresponding parameters from The coefficients for the cost component are based on the program WTRNet, developed within the Aquarec Project [24] . The project Aquarec has been funded by the European Commission and many of the project results are publicly available, such as the manual for water reuse [30] . In total, 336 simulations have been conducted (8 different flows ranging from 10 to 20,000 m 3 /day and 42 unit processes with standard pollutant classes). Data have been collected from the different simulations, classified, and converted to USD from 2006. Power regressions have been applied, as this is justified from an economic perspective (economy of scale). Finally, the overall database has been reviewed and inconsistencies have been removed. Some data have been complemented by additional references, for example, for electro-dialysis, data from ion exchange have been used and electricity requirements of 2.9 kWh/m 3 (seawater desalination) have been applied [48] . It has to be noted that the DST calculations take into account the recovery percentage of each unit process.
Community Profiles for Cost Analysis
The developed cost component allows adapting the results to the local conditions by adapting several parameters in so-called "community profiles". Those parameters are used in the cost calculation to obtain locally specific results. By assembling results obtained with Equation (2) and parameters from Table 7 , every cost component for any location can be calculated. For each community, or study site, the following criteria can be specified. 
Calculation of Annualized Treatment Costs
For comparable and easily understandable results, we calculated every cost in the local currency per m 3 (CUR/m 3 ) of reclaimed water based on the annual lifecycle costs. For this, we calculated every cost component independently as annual costs, and then summed them to determine the total lifecycle costs for the whole treatment train (TT). The different cost components are calculated for each unit process independently. Then, dividing the "total lifecycle costs for the whole treatment" by the annual volume of reclaimed water, we obtained the annualized treatment costs in (CUR/m 3 ) of reclaimed water (Equation (3)): To calculate the total capital expenditure (CAPEX) for every unit process, the standard capital cost algorithm presented in Table 8 was used. Table 8 . Standard capital cost algorithm applied (adapted from [24, 46, 50] ).
Factor
Used in the System Default Value
Equipment cost (EC)
Technology-specific cost from the regressions defined as construction cost (Equation (2) The resulting total capital costs were annualized based on the expected life span of every considered unit process. The total capital cost multiplied by CRF results in annualized capital costs. For the annual values, the capital recovery factor (CRF) from Equation (4) was used. The same cost recovery factor was applied to annualize the land costs.
where CRF = capital recovery factor (y −1 ) r = discount rate (-) ≈ i -p (Fischer equation); i = nominal interest rate (-), p = actual inflation rate (-) n = expected life span of the unit process (y)
Distribution Component
For comparable and easily understandable results, the distribution costs were also calculated in costs per m 3 of reclaimed water based on the annual lifecycle costs. The calculation of the total annual distribution of lifecycle costs allows the consideration of one transport pipe from the wastewater source to the treatment scheme, a storage tank, and another transport pipe to the end-use location (Figure 3 ). The detailed calculation procedure for the different distribution cost components are depicted in Appendix A and requires the different elevations, the flow rate, and the volume for the storage tank. Equation (5) is applied for the calculation of the annualized distribution costs per m 3 of reclaimed water. storage tank. Equation (5) is applied for the calculation of the annualized distribution costs per m 3 of reclaimed water. 
Assessment Criteria
Valid options of treatment trains cannot alone be identified only based on meeting quality requirements of available reuse applications. To propose options adapted to local environmental, economic, and social conditions, different trains should be compared based on a broader scope of criteria. This is important since the pre-feasibility stage normally involves a consultation process between stakeholders.
The database of the technical assessment, requirements, impacts, and cost assessment criteria listed in Table 9 , for all the unit processes included in the DST (Table 2) , is provided in Supplementary Materials [45] . The qualitative criteria are fixed per unit process based on work by [1] , and reviewed in expert workshops. Whereas the semi-quantitative criteria are based on quantitative estimations described in subsection 2.3 and therefore depend on the local conditions specified by the user (e.g., volume of water treated, cost of electricity, etc.). Those quantitative values are then normalized to a value between 0 and 3 (to remain consistent with a range of other criteria) within the considered set of treatment trains. Consequently, they result in being semi-quantitative.
Important factors include the following aspects, namely, reliability of the process, ease of upgrading if the wastewater stream increases (e.g., due to population growth), adaptability to varying wastewater flows and qualities (e.g., seasonal differences), ease of construction, operation, management, and demonstration. Significant operational requirements and environmental impacts are evaluated for each unit process. This includes energy demand (which is often the most important operational cost), chemical demand (e.g., chloride, coagulants), land requirement (area needed to install a certain unit process), impact on groundwater, odor generation, and quantity of sludge production (depending on available area and transport infrastructure, generated sludge can lead to significant cost for transport and disposal). The third category considers the costs through annual lifecycle capital costs, land costs, energy costs, labor costs, other operational and maintenance costs (e.g., sludge disposal, chemicals required for operation), and total annualized lifecycle costs (Table  6 ). Table 9 . Overview of selected assessment criteria for multi-criteria analysis with information on qualitative or semi-quantitative aspects. The values are normalized between 0 and 3: (0 = nil, 1 = low, 2 = medium, and 3 = high).
Technical Assessment Criteria (TE) Requirements and Impacts (RI)
Costs (C) 
Distribution Cost Ann
where Distribution Cost Ann = annualized unit cost of distribution per m 3 of reclaimed water (CUR/y/m 3 ) Pump1 Ann , Pump2 Ann = annualized pumping costs (CUR/y) Pipe1 Ann , Pipe2 Ann = annualized piping costs (CUR/y) Storage Ann = annualized storage costs (CUR/y) V Ann = volume of reclaimed water distributed annually (m 3 /y)
Assessment Criteria
The database of the technical assessment, requirements, impacts, and cost assessment criteria listed in Table 9 , for all the unit processes included in the DST (Table 2) , is provided in Supplementary Materials [45] . The qualitative criteria are fixed per unit process based on work by [1] , and reviewed in expert workshops. Whereas the semi-quantitative criteria are based on quantitative estimations described in Section 2.3 and therefore depend on the local conditions specified by the user (e.g., volume of water treated, cost of electricity, etc.). Those quantitative values are then normalized to a value between 0 and 3 (to remain consistent with a range of other criteria) within the considered set of treatment trains. Consequently, they result in being semi-quantitative.
Important factors include the following aspects, namely, reliability of the process, ease of upgrading if the wastewater stream increases (e.g., due to population growth), adaptability to varying wastewater flows and qualities (e.g., seasonal differences), ease of construction, operation, management, and demonstration. Significant operational requirements and environmental impacts are evaluated for each unit process. This includes energy demand (which is often the most important operational cost), chemical demand (e.g., chloride, coagulants), land requirement (area needed to install a certain unit process), impact on groundwater, odor generation, and quantity of sludge production (depending on available area and transport infrastructure, generated sludge can lead to significant cost for transport and disposal). The third category considers the costs through annual lifecycle capital costs, land costs, energy costs, labor costs, other operational and maintenance costs (e.g., sludge disposal, chemicals required for operation), and total annualized lifecycle costs (Table 6 ). Table 9 . Overview of selected assessment criteria for multi-criteria analysis with information on qualitative or semi-quantitative aspects. The values are normalized between 0 and 3: (0 = nil, 1 = low, 2 = medium, and 3 = high).
Technical Assessment Criteria (TE) Requirements and Impacts (RI) Costs (C)
Reliability ( The calculation of an overall assessment score for different treatment trains was determined by Equation (6) . The user can assign different weights W i to different assessment criteria depending on the local situation. For the calculation of the overall assessment score, all criteria were recalculated to a range between 0 and 1 and the semi-quantitative indicators were normalized. The criteria defined in Table 9 between 0 and 3 were divided by 3, and the semi-quantitative criteria divided by the highest value of the list of treatment trains considered in the DST. For the requirement, impact, and cost (RIC) criteria, for which a higher score was a negative characteristic, the formula 1 − RIC/3 was applied to obtain a final overall assessment score (high score is positive). The chosen approach for the sequential decision optimization is a screening approach. In this approach, information provided by the user on water quality and local parameters did rule out options that did not meet the minimal requirement. The minimal requirements were determined before running an assessment and ranking algorithm for the water reuse remaining options. In short, the DST includes a set of unit processes and treatment trains, and the user can specify certain parameters. The DST does calculate the performance of every unit process and treatment train included in the database for the provided parameters, and does then apply an assessment algorithm to present a ranking of options. These options comply with the minimal requirements and result in the highest overall score.
To analyze each scenario based on the input data provided (available wastewater to be reused, intended reuse, and several locally specific characteristics required for the calculation), the system will calculate the following parameters:
• Pollutant removal performance of every treatment train included in the system • Specific lifecycle treatment costs • Overall score of multi-criteria analysis based on normalization and local weighting (OE TT )
On this basis, the DST proposes an assessment algorithm that provides a ranking of options while meeting the minimal requirements (Figure 4 ). The algorithm proposes three different assessment methodologies that derive a ranking from the list. The first method (1) eliminates all treatment trains that do not comply with the quality requirements (based on the maximal removal performance of each unit process). Then, a ranking is made based on the weights for each single indicator, which was defined by the user. The second method (2) first eliminates all treatment trains that do not comply with the required quality, and then ranks only the three options with the lowest lifecycle treatment costs. The user can then evaluate the three options by analyzing the calculated set of assessment criteria. The third method (3) is primarily intended for experts, and enables a targeted selection of the best options. These best options base on a manual or subjective assessment of all presented assessment criteria. the DST includes a set of unit processes and treatment trains, and the user can specify certain parameters. The DST does calculate the performance of every unit process and treatment train included in the database for the provided parameters, and does then apply an assessment algorithm to present a ranking of options. These options comply with the minimal requirements and result in the highest overall score. To analyze each scenario based on the input data provided (available wastewater to be reused, intended reuse, and several locally specific characteristics required for the calculation), the system will calculate the following parameters:
• Pollutant removal performance of every treatment train included in the system • Specific lifecycle treatment costs • Overall score of multi-criteria analysis based on normalization and local weighting ( ) On this basis, the DST proposes an assessment algorithm that provides a ranking of options while meeting the minimal requirements (Figure 4 ). The algorithm proposes three different assessment methodologies that derive a ranking from the list. The first method (1) eliminates all treatment trains that do not comply with the quality requirements (based on the maximal removal performance of each unit process). Then, a ranking is made based on the weights for each single indicator, which was defined by the user. The second method (2) first eliminates all treatment trains that do not comply with the required quality, and then ranks only the three options with the lowest lifecycle treatment costs. The user can then evaluate the three options by analyzing the calculated set of assessment criteria. The third method (3) is primarily intended for experts, and enables a targeted selection of the best options. These best options base on a manual or subjective assessment of all presented assessment criteria. 
Results
Main Novelties and Approaches in the Resulting DST
From the list of existing DSTs presented in the introduction, WTRNet [16] , WAWTTAR, [13] and WASWARPLAMO [20] are the three main tools that inspired this research. Several data and approaches have been adapted from those tools, and they are transparently cited. The main advances of the DST presented in this paper, compared to those existing tools, include:
• Different scope of application. This means the main target of the DST is capacity-building and promoting the concept of water reuse at the pre-feasibility stage, whereas the other tools focus more on technical design. These tools support the creation of treatment trains for engineers and planners. 
Results
Main Novelties and Approaches in the Resulting DST
• Different scope of application. This means the main target of the DST is capacity-building and promoting the concept of water reuse at the pre-feasibility stage, whereas the other tools focus more on technical design. These tools support the creation of treatment trains for engineers and planners.
• Universal approach and user interface. The DST is generic, usable, and considers a system analysis approach for a broad target group. With the current DST, an analysis can be made by specifying three inputs, i.e., quantity and quality of reusable wastewater, and intended reuse.
• Pre-selected information is included in the tool, and the calculations are performed in the background. Benchmark treatment trains, unit process descriptions and specifications, water quality classes, lifecycle cost calculation algorithm, and several data-presented in Supplementary Materials-are included in the tool.
• A multi-criteria assessment is included to compare different options based on different weighting factors that can be defined by the end-user (Table 9 ).
•
The DST and all underlying data are open-access and used by everyone, as the DST is based on Microsoft Excel. Several other tools are not publicly available or use outdated software. The database references are transparently cited, up-to-date, and complete. With the open-access publishing of the outcome, we allow future research to improve and complement both the data and the DST.
Resulting DST and Guidance for Use
The first version of the resulting DST is open access, and can be found on the Zenodo repository together with a handbook with guidance for use [51] . This handbook provides detailed instructions that are too extensive to be included in this paper. Key features from the DST are presented in Figures 5  and 6 . First, the user needs to become familiar with the informative sections describing the unit processes, treatment trains, and water quality classes included in the DST. Secondly, the user needs to enter data for a first assessment, on the starting tab ( Figure 5 ). • Universal approach and user interface. The DST is generic, usable, and considers a system analysis approach for a broad target group. With the current DST, an analysis can be made by specifying three inputs, i.e., quantity and quality of reusable wastewater, and intended reuse.
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Resulting DST and Guidance for Use
The first version of the resulting DST is open access, and can be found on the Zenodo repository together with a handbook with guidance for use [51] . This handbook provides detailed instructions that are too extensive to be included in this paper. Key features from the DST are presented in Figures  5 and 6 . First, the user needs to become familiar with the informative sections describing the unit processes, treatment trains, and water quality classes included in the DST. Secondly, the user needs to enter data for a first assessment, on the starting tab ( Figure 5 ). 1. Community information: the user can either select a pre-defined profile or specify a national currency. The exchange rate is USD-2006. There is other information related to labor, electricity, land costs, nominal interest, and inflation rates. 2. Input quality: the water or wastewater quality for treating can be specified here, either by selecting from a list of pre-defined types of wastewater or by specifying up to 12 quality parameters manually. 3. Input quantity: the quantity of water or wastewater for reuse can be specified. 4. End-use quality: The water quality required for the intended end-use after treatment can be specified by choosing from a list of pre-defined quality classes or by indicating the water quality parameters manually. 5. Price of reclaimed water: input of the selling price to the intended end-user. 
1.
Community information: the user can either select a pre-defined profile or specify a national currency. The exchange rate is USD-2006. There is other information related to labor, electricity, land costs, nominal interest, and inflation rates.
2.
Input quality: the water or wastewater quality for treating can be specified here, either by selecting from a list of pre-defined types of wastewater or by specifying up to 12 quality parameters manually. 3.
Input quantity: the quantity of water or wastewater for reuse can be specified.
4.
End-use quality: The water quality required for the intended end-use after treatment can be specified by choosing from a list of pre-defined quality classes or by indicating the water quality parameters manually. 5.
Price of reclaimed water: input of the selling price to the intended end-user. 6.
Distribution and storage needs: the user can indicate the required pipes length, the elevation differences, and the land type to calculate the piping and pumping costs for both the input wastewater and output reclaimed water. The need for storage facility can also be specified and corresponding costs are calculated.
Furthermore, it is possible for the user to manually define three specific treatment trains that are composed of up to 10 unit processes. Additionally, it is possible to add additional unit processes. Based on those input data, the Excel tool calculates the performance, cost, and other assessment criteria for all the treatment trains included in the system (Figure 4) . On this basis, it proposes a ranking for valid options. A screenshot of the results is presented in Figure 6 . The detailed results are also available in a tabular representation in the DST. In the screenshot of graphical results, a range of information is displayed and can be numbered into the following 8 features (highlighted in red):
Recapitulation of the data input (input quality and quantity, output quality, and distribution) 2.
The three best options are displayed in the colors (red, blue, and green). For each option, the name of the treatment train is displayed with the overall treatment train score. This score bases on the assigned weights and the recovery percentage. The chosen limit for the output quality required is indicated in orange.
3.
The chart displays the pollutant removal performances under minimum, average, and maximal performance. The limit is shown in orange. The user can see how well the three options perform. There are two scales, namely, on the right for most quality parameters in NTU (turbidity) or mg/L, and on the left for logarithmic for fecal coliform, total coliform, and virus (in n • /100 mL).
4.
The specific costs are presented in the selected currency per cubic meter. Cost − revenue is the cost of treatment and distribution minus the foreseen selling price to the end-user. If this value is negative, the selected option would produce monetary profits. The specific costs are calculated with the lifecycle cost methodology (OPEX, CAPEX, cost of capital through interest rate, electricity costs, labor costs useful life, etc.).
5.
The assessment of the criteria results is displayed. The values are between 0 and 3: 0 = nil, 1 = low, 2 = medium, and 3 = high. For the criteria, a high value is considered as positive for the calculation of the overall treatment train score. This score bases on the weights, which are displayed under the option name (point 2). 6.
The results for requirements, impacts, and costs are displayed. The values are between 0 and 3: 0 = nil, 1 = low, 2 = medium, and 3 = high. For those criteria, a high value is considered as negative for the calculation of the overall treatment train score. This score is based on the weights, which are displayed under the option name (point 2). 7.
The three buttons are links to the "Learn" component. Depending on the option selected, the user can look in the database to understand the details of each treatment train, unit process, and water quality class. 8.
If no treatment train complies with the required water quality, the user can choose how many water quality parameters should comply with the requirements (e.g., 2 out of 3). 
Plausibility Checks and Proof of Concept
To assess the plausibility of the calculated results with the DST, in the first stage, 13 treatment trains were simulated based on literature information (Table 10 ) [29, 35] . In the second stage, the resulting removal performance of pollutants included in the reference were compared under the same indicated wastewater quality (Figure 7 ). Sedimentation with coagulant; dual media filtration; ultraviolet disinfection; activated carbon; reverse osmosis; ozonation; chlorine gas 
To assess the plausibility of the calculated results with the DST, in the first stage, 13 treatment trains were simulated based on literature information (Table 10 ) [29, 35] . In the second stage, the resulting removal performance of pollutants included in the reference were compared under the same indicated wastewater quality (Figure 7 ). In Figure 7 , the simulated pollutant removal efficiencies are compared to the literature values for all included parameters. More than 70% of all considered parameters of removal efficiency have less than 20% difference between the literature value and the simulated results. Nevertheless, the relative error is smaller for seven parameters (BOD, COD, TSS, FC, Turbidity, TC, and TOC), whereas four parameters show a higher relative error (TN, TDS, TP, and Nitrates) (Figure 8 ). If only the removal efficiency of the first seven parameters are considered, around 90% of all parameters have less than 20% difference between the literature value and the simulated results.
The higher relative error for TDS and Nitrates is because of that in some unit processes, the total dissolved solids (and the conductivity) increases. This applies for the nitrates as well, since their concentration increase after the nitrification processes. These concentrations increase would require a more sophisticated model that is beyond the scope of the present DST. The discrepancy of the TN and the TP results is due to simplifying the modeled process compared to the reference processes, and probably some inaccuracies on the removal performances database for those two parameters.
As a result, those estimated removal performances provide a first estimate for the pre-feasibility stage intended by the DST developed. While applying the DST to a case study, the user should consider the results of the presented plausibility checks and consider the results on TN, TP, TDS, and Nitrate as indicative only. A note is included in the DST and it is advised not to use those four parameters as elimination criteria. 
Discussion
The developed DST enables a quick screening of options. It can perform a pre-feasibility study and supports the promotion of water reuse in regions, where it is still an emerging concept. The DST enables identifying and comparing possible treatment trains that met the local requirements. If a case study shows a potential for water reuse, the reuse implementation can be fostered. The DST covers a 
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The developed DST enables a quick screening of options. It ca and supports the promotion of water reuse in regions, where it is st enables identifying and comparing possible treatment trains that me study shows a potential for water reuse, the reuse implementation c ) unit processes efficiencies refer to the primary axis on the left and the last 4 parameters to the secondary axis on the right.
The developed DST enables a quick screening of options. It can perform a pre-feasibility study and supports the promotion of water reuse in regions, where it is still an emerging concept. The DST enables identifying and comparing possible treatment trains that met the local requirements. If a case study shows a potential for water reuse, the reuse implementation can be fostered. The DST covers a broad range of scenarios for water reuse and diverse stakeholders can understand the results. However, an actual implementation of a water reuse scheme implies additional local specificities and technical information details, which are not covered in the DST. These results enable an identification of potential options that should be considered in a more detailed study.
The key application of the DST is capacity building. This is already implemented in the master curriculum of the University of Applied Sciences and Arts Northwestern Switzerland (FHNW), the Agricultural University of Athens (AUA), and elsewhere internationally (e.g., Morocco, Netherlands). The students can use the DST to investigate different unit process characteristics, their interactions in treatment trains, and gain a systemic understanding of the complex topic of water reclamation. The tool can be used as a "sandbox" for several exercises and scenario comparisons.
Additionally, the DST has been integrated into the COROADO online decision support system. There the technology selection is applied to the Latin American context, and linked with other analyses regarding water vulnerability [52] . This integrated online system will be subject to other publications.
The created underlying datasets are additional central outputs of this research besides the DST itself. The data aggregation, published in open access, allows the estimation of the removal performances, the lifecycle capital, operational costs, and additional assessment indications for most unit processes. This was implemented for wastewater treatment and water reclamation in a simple manner. The cost component is an important piece of information for the viability, comparison, and selection of the different treatment trains, since the cost is often the key aspects. By using costs per cubic meter makes, it them easily comparable and understandable of the influence of different factors. Additionally, the required further costs can be calculated, e.g., the total CAPEX. The equipment costs and, therefore, the total capital cost for every unit process can be calculated independently for every possible flow between 10 and 20,000 m 3 /day. Similarly, by combining different water quality guidelines together, and by proposing a holistic approach to water reuse, possibilities for future interdisciplinary research can emerge. This could include the use of another support (e.g., online-based tool), the inclusion of additional technologies, the combination with complementary solutions (e.g., irrigation technologies) or the internationalization of concepts. This DST will be further developed in other projects. It is foreseen to broaden the DST's application field by adding more technologies and updating the underlying database. It is also important to develop additional training material to allow tool application at a large scale. In this sense, the DST presented in this paper is being upgraded in the European project "MadforWater". Thereby, integrated technological and managerial solutions for wastewater treatment and efficient reuse in agriculture tailored to the needs of Mediterranean African Countries are being developed [53] .
Pumping costs required: The cost curves for the pipe cost also come from [24] that derived the equations from data on the costs of installed pipes provided by UK water companies, reported in [56] . The model proposes pipe costs coefficient for three different types of land use: grassland, rural/suburban and urban. The following equation is applied: Note: Additionally, 3% of the capital cost is used for annual maintenance. For the annualisation of the capital costs, a useful life of 50 years is used and the same procedure with the Capital Recovery Factor is applied. Based on the cost curves equations described in previous chapters, the following parameters (Table A3 ) are required to calculate all incurring distribution costs: Table A3 . Input parameters required for the calculation of the distribution costs.
Parameter Unit Note
Length of pipe m Defined by the user Pipe Diameter (D) mm Calculated by the simple design model presented in Section A7.
Total elevation difference (+uphill, −downhill) m Defined by the user. Please note that a negative elevation will not bring revenue to the model but will only annihilate the head due to friction and result in costs of zero for pumping. If the user plans to recover the energy, it has to be calculated independently by introduction of a turbine.
Volume of pumped water (Vann) m 3 /a Calculated by the system based on the flow (if the distribution is before the treatment, the inflow is used; if it is after the treatment, the flow calculated with the treatment train recovery is used)
Pressure head required at the pump (H) m Calculated with the Hazen-Williams equation as described in Section A6.
Design flow rate (Q) L/s
Calculated by the system based on the flow (if the distribution is before the treatment, the inflow is used; if it is after the treatment, the flow calculated with the treatment train recovery is used)
Storage volume (V) m 3 Defined by the user
The biggest challenge in estimating costs for distribution is to estimate the appropriate design, namely the diameter of the pipes that will influence the velocity, pumping costs and piping costs. Once the design is fixed, the head loss can be calculated and added to the elevation to calculate the pressure head required for pumping. 
